N the year 18641 communicated to the Royal Society* the description of a method for the Meteorological Registration of the Chemical Intensity of Total Daylight, founded lpon an exact measurement of the tint which standard sensitive paper assumes when exposed for a given time to the action of daylight.
The first result which presents itself from the daily observations is that the mean chemical intensity for hours equidistant from noon is found to be constant; that is, for equal altitudes of the sun the chemical intensities are equal. Thus the mean of all the morning observations in 18G5 (207 in number) was at 9h 34m a.m. = 0 T 5 3 ; that of the afternoon observations in the same year (197 in number) was at 2h 27m p .m. =0*159; whilst in 1866 the mean of the morning observations (283 in number) was at 9h 49m A.M. =0-119, and the afternoon observations (274 in number) at 2h 29m p.m. =0*116. The morning observations in 1867 (62 in number) at 9h 50m gave 0*044, the afternoon (58 in number) at 2h 26m gave 0*047. These give
Chemical intensity.
Mean of 552 morning observations in 1865-67 at 9h 41mA.M. =0*105 Mean of 529 afternoon observations in 1 8 6 5 -6 7 at 2h 27mP.M. =0*107
Hence we may with certainty conclude that when the disturbing causes of cloud &c, are eliminated, the daily maximum of chemical intensity corresponds to the maximum of the sun's altitude, and that the chemical intensity exhibits no sign of a post-meridian maximum, as is observed in the measurements of hourly temperature.
Tn order to obtain an expression for the relation existing between the sun's altitude and the chemical intensity of total daylight, a much larger number of observations than the foregoing must be made at widely differing altitudes, either on the same day or on consecutive days. Such a series of observations was made at Heidelberg (see Proceed ings Roy. Soc. No. 81,1866) on a cloudless day. The relation between the sun's altitude and the chemical intensity as found in these determinations is graphically represented in fig. 1 A, Plate XXI., and is seen to be a straight line, the abscissae representing the alti tude and the ordinates the corresponding chemical intensity. The formula CIa= C I0+const X a represents this relation, where CI0 signifies the chemical intensity at any altitude (a) in circular measure, CI0 the chemical intensity at the altitude 0, and const, is a number to be calculated from the observations. That this formula closely represents the rela tion in the case of the Heidelberg observations is seen from the agreement of the ob served with the calculated intensities. The relations existing between the sun's altitude and the mean monthly chemical intensities are graphically represented (for 1865) in fig. 2 , Plate XX I.; and (for 1866) in fig. 3 , Plate XXI. The ordinates denote the intensity, and the abscissae the correspond ing altitude of the sun.
Prom the variation in direction of the straight lines representing the relation of inten sity to altitude for the different months, it is clear that in each month a different value exists for the constant of the formula, which in fact represents the degree of atmo spheric opalescence, the amount of cloud, and the various other factors which, in addi tion to the sun's altitude, influence the chemical intensity.
That the simple relation which has been shown to hold good when the sun has reached a certain altitude does not apply in the case of low altitudes, is distinctly seen from the above-mentioned figures. When the sun is only a few degrees above the horizon, the disturbing phenomena of opalescence come into play, and the values of the further and yet undetermined terms of the expression become so large as materially to affect the result. It is only in the case of the Heidelberg observations that the first terms of the series express the relation as low as 8° of altitude, and this is to be explained by the fact that the observations at Heidelberg were made at an elevation of 1900 feet, above the sea-level, and therefore at a situation above a great portion of the denser layers of the atmosphere in which the phenomena of opalescence are most marked.
The curves on fig. 4 , Plate XXII;, show the rise and fall of monthly chemical intensity with the hour of the day for the months of January, February, and March 1867, and April, May, and June 1865; those on fig. 5, Plate X X II., give the same for the last six months of 1865. Figs. 6 and 7 show the same for the twelve months of 1866.
The mean monthly integrals of chemical intensity for each month from April 1865 to April 1867, as obtained from these curves, are contained in the first column of the following Table. In the second column are given approximations to this integral obtained by taking the average of the daily means as given on Table II . (pp. 557 and 558). The third column contains the average amount of moisture for the month, in grains per cubic foot; the fourth the relative humidity for the m onth; the fifth the average amount of cloud at the times of observation; and the sixth the relation between the number of observations on which the sun was overcast (= 1 ) and those made in sunshine. . 34-5 . 52-4 . 70-1 . 94-5 Or for 100 chemically active rays falling in the months of March and April 1865, 1866, and 1867 at Kew, there fell in the months of September and August 1865-66 167 rays, the sun's mean altitude being the same in both cases.
The curve, fig. 8 , Plate X X II., exhibits the biennial variation of chemical intensity at Kew for the two years ending April 1,1867. The yearly integral for the twelve months January-March 1867 and April-December 1865 is 55*7; whilst that for the twelve months of 1866 is 54'7.
The marked differences between the chemical intensities in spring and autumn must be caused by corresponding differences either in the amount of cloud or in the trans parency of the atmosphere. From Table IV . (p. 561) it is seen that the mean amount of cloud in March 1867 and April 1865 is 5*9, and that in August and September 1865 =4*7; whilst the mean cloud for March and April 1866 is 5*9, and that for the cor responding autumn months=6*8. If the number of observations made when the sun is shining be compared with those made when the sun's surface is obscured by clouds, it is seen that of sixty-nine observations made in April 1865 the proportion between cloud and sunshine was as 1 to 1*9, whereas in the months of August and September, out of 130 observations the proportion between cloud and sunshine was 1 to 2*1. In 1866 out of 123 spring observations the relation is 1 cloud to 0*55 sunshine, and out of 122 autumn observations the relation was found to be 1 cloud to 0-60 sunshine. Hence it appears that the effect of varying amount of cloud has been eliminated by the number of the observations, and that the difference in chemical intensity cannot be ascribed to the presence of more cloud in the spring than in the autumn.
The only other possible explanation is to be sought in the difference in atmospheric transparency in spring and autumn, and the only indication which we at present possess of such variation in transparency is afforded by measurements of the hygrometric con dition of the air, the increased transparency of moist air for the visible rays being well known. In March 1867 and April 1865 the mean amount of moisture was found to be 2*82 grains per cubic foot; in August and September 1865 it was 4*65 grains. In March and April 1866 the moisture was 2*8 grains, and in August and September 4-21 grains. This gives a relation of 1 to 1-65 for spring and autumn moisture 1865, and 1 to T50 for the same in 1866. Another important factor as influencing the transparency must not be overlooked, viz. the presence of finely divided solid particles which floating about produce the phenomenon of atmospheric opalescence. This, taken in connexion with the well known fact of the greater velocity of the winds in spring than in autumn, thus increasing the quantity of these floating particles in the spring, points to an explanation of the high autumnal and low vernal chemical intensity.
Part II.-THE PARA OBSERVATIONS.
Our knowledge concerning the distribution of the chemically active rays on the earth's surface is as yet very limited, and any conclusions with respect to the intensity of the chemical rays in the tropics have been, up to the present time, based upon the vague and unsatisfactory statements of photographers. According to photographic observations it would appear that in advancing from England towards the equator the difficulty of obtaining good pictures is increased, and more time is said to be required to produce the same effect upon a sensitive film under the full blaze of a tropical sun than in the gloomier atmosphere of London*. I t is likewise stated*|* that in Mexico, where the light is very intense, from twenty minutes to half an hour was required to produce pho tographic effects which in England occupy but a minute; and it is said that travellers engaged in copying the antiquities of Yucatan have on several occasions abandoned the use of the photographic camera and taken to their sketch-books. Dr. D raper has also noticed certain differences of a similar kind between the light of New York and that of Virginia, and hence a supposition has been thrown out of the existence of a peculiar retarding action exerted by the luminous and the calorific rays upon the more refrangible and chemically active portion of the sunlight. In order to test the validity of these statements, it becomes a matter of great interest to determine directly the intensity of the chemically active rays in the tropics. Through the kindness of Messrs. A lfred B ooth and Co., of Liverpool, and thanks to the zeal and ability of my assistant, Mr. T. E. Thorpe, I have been able to obtain such a set of measurements made at Para, situated nearly under the equator in the northern province of the Brazils, and lying upon a branch of the Amazons, in longitude 48° 30f West, and latitude 1Q 28' South.
The observations, the results of which are given below, were made at Para by Mr. Thorpe from the 4th to the 26th of April 1866, in a situation possessing a clear horizon. Owing to the rainy season having set in when the experiments were commenced, the changes in the chemical intensity as observed from hour to hour, and even from minute to minute, are very sudden and remarkable, and render a large number of daily obser vations necessary. These sudden changes are well represented in the curves, figs. 9, 10, 12, and 13, Plate XXI., showing the variation of chemical intensity at Para during the *■ Golding Bird, * Natural Philosophy/ p. 622, 5th Edit. + Robert H unt, ' Researches on L ight/ p. 366. days of April 18th, 23rd, 25th, and 26th. The curves for these days, compared with the dotted lines below, indicating the corresponding action at Kew, show the enormous variation in chemical intensity which occnrs nnder a tropical snn in the rainy season. Regularly every afternoon, and sometimes at other hours of the day, enormous thunder clouds obscure the sun, and discharging their contents in the form of deluging rain, reduce the chemical action nearly to zero. The storm quickly passes over and the chemical intensity rapidly rises to its normal value.
If we compare the daily mean intensities at Para and Kew on the same days, we gain some idea of the true chemical action of the tropics, and it becomes at once evident that the alleged failure of photographers cannot, at any rate, be ascribed to a diminution in the sun's chemical intensity, but must rather he referred either to overexposure of the plate, or more probably to the difficulty of obtaining a distinct image owing to constant variation in the density of the layers of air intervening between the plate and the object. The curves, figs. 9 to 14, Plate X X I., exhibit graphically the relation of chemical intensity at Kew and Para on the 18th, 23rd, 24th, 25th, and 26th of April 1866, these being chosen from the other sets of observations as being the most complete. The data for these five days' observations are found in the Tables at the end of this paper.
The Hence it appears that the chemical action of total daylight in the month of April 186 was 6*58 times as great at Para as at Kew. Ĩ n order to form an idea of the march of the daily chemical intensity under the equator in the sunshine, all the observations made when the sun's disk was unobscure by clouds have been collected, and a curve plotted out from the means thus obtained.
The following Table gives the results, and the curve, fig. 14 , Plate XXI., exhibits the regular nature of the increase before and after noon. The curve is a symmetrical one, and exhibits a maximum at noon; the dotted curve is the curve of mean chemical intensity for April at Kew, and the relation between these two intensities is as 52*4 to 313-3, or a ratio of 1 to 5*98. B a l k a n s . MD cccixvn.J W XXII Fig. 4j .
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